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Unsteady Fluid Dynamic Models and Control 
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generated and shed separates, accumulates into 

at equal rates vortex initiated near large, energetic 

leading edge unsteady vortex 









Wind Tunnel Wing Model 



no 


15 Pressure Taps (0 to 90% Chord) 

Pressure Transducers Close Coupled With Wing Surface 
3 Span Locations (Wing Root, 37.5% Span & 30% Span) 









Experimental Data Format 
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Time 











Control System Requirements 
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with the Required Lead Times 

» Many Inputs and Many Outputs in Parallel 
► Integrate Multivariate Signals (Sensors, Actuators and Controller) 
• Handle Temporal Mismatches (Time-Lags) Automatically 




Neural Network Control 
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Inputs: Wing Motion History and Recurrent Feedback 

Outputs: Time-Dependent Unsteady Surface Pressures & Forces/Moments 



Neural Network Control 
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Actual system would include sensor inputs to both the plant & controller 
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Model Replicates 3-Dimensionality 








Model Interpolates to Novel Cases 

Constant rate pitch motion, a + = 0.15 
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Surface Pressures Aerodynamic Coefficients 









Model Extrapolates to Novel Cases 
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Demonstrate Optimization and Control of Time-Dependent [L/D] 




Neural Network Optimized Wing 
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Noncimensional Time 



Neural Network Optimized Drag Polar 
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Neural Network Controller Trained on Limited Experimental Data 
Neural Network Controller Accurately Interpolates to Novel Cases 




CONCLUSION 
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Into Adaptive Control Systems 




